Other articles in this supplement have reviewed the benefi ts of NSAID therapy. Th eir effi cacy leads to a vast exposure of these medications in diverse patient populations. Damage to the upper gastrointestinal (GI) tract was the fi rst of several potentially serious NSAID adverse events to be identifi ed [1] , and still remains a pre dominant concern. Cardiovascular and related renal toxicity, however, has further complicated strategies to reduce the overall risk of this class of drugs. Th e recognition of GI toxicity drove pharmaceutical research in two parallel directions in pursuit of eff ective anti-infl ammatory therapy with reduced ulceration and bleeding.
Introduction
Other articles in this supplement have reviewed the benefi ts of NSAID therapy. Th eir effi cacy leads to a vast exposure of these medications in diverse patient populations. Damage to the upper gastrointestinal (GI) tract was the fi rst of several potentially serious NSAID adverse events to be identifi ed [1] , and still remains a pre dominant concern. Cardiovascular and related renal toxicity, however, has further complicated strategies to reduce the overall risk of this class of drugs. Th e recognition of GI toxicity drove pharmaceutical research in two parallel directions in pursuit of eff ective anti-infl ammatory therapy with reduced ulceration and bleeding.
Th e GI damage caused by NSAIDs can be ameliorated in a number of ways -most eff ectively by stopping the drug (often an impractical solution), by selecting a less toxic NSAID or by adding a second drug, either prophylactically or following a complication [2] . Th e introduction of the cyclooxygenase (COX)-2 selective NSAIDs in the late 1990s promised a revolution in NSAID therapy due to sparing of the COX-1 pathway, providing eff ective control of infl ammation and leading to fewer ulcers and bleeding complications. Th ese drugs were widely prescribed until evidence of cardiovascular side eff ects, includ ing an increased risk of myocardial infarction, gradually began to emerge, and some of the COX-2 NSAIDs were eventually withdrawn from general use in Europe and North America [3] .
Concomitant innovations in pharmacotherapy for ulcer disease, particularly the development of potent acid suppression with proton pump inhibitors (PPIs), as well as recognition of the role of Helicobacter pylori, expanded research dramatically in ulcer-reducing approaches. Cotherapy options with NSAIDs currently include H 2receptor antagonists (H2RAs), PPIs, and prostaglandin analogs, each of which possess varying effi cacy as a gastroprotective agent and some of which cause further problems with their own side eff ects.
Other articles in this supplement have comprehensively reviewed the epidemiology of NSAID-related ulcers as well as the mechanisms underlying the initiation and perpetuation of injury. NSAIDs inhibit prostaglandin production in the upper GI tract mucosa, and since Abstract NSAIDs are prescribed widely but have rare serious gastrointestinal side eff ects. More recently, adverse cardiovascular eff ects of these drugs have also been recognized, leading to the withdrawal of some agents and continuing uncertainty about the best approach for patients requiring NSAID therapy. Proton pump inhibitors (PPIs) provide potent and long-lasting inhibition of gastric acid secretion and have proven effi cacy in healing NSAID-associated ulcers, including those with continued exposure to NSAIDs. PPIs have also shown effi cacy in reducing the risk of ulcerations due to NSAID use compared with NSAIDs alone in randomized controlled trials (RCTs) where endoscopic ulcers are used as the primary endpoint, albeit a surrogate marker for clinical ulcers and complications. Large RCT outcome trials comparing patients exposed to NSAIDs with and without PPI co-therapy have not been performed, but adequately powered RCTs in high-risk patients demonstrate that PPI + nonselective NSAID provides similar rates of symptomatic ulcer recurrence rates as the use of a cyclooxygenase (COX)-2 selective inhibitor. A RCT in high-risk patients with previous ulcer complications supports the additive benefi t of two risk-reducing strategies, as ulcer complication recurrence was eliminated in high-risk patients who were given a COX-2 selective agent with a PPI. Helicobacter pylori, an independent risk factor for ulcers, should be sought out and eradicated in patients at increased gastrointestinal risk, typically those with an ulcer history. Following H. pylori eradication, however, patients remain at risk and co-therapy with a PPI is recommended. NSAID medication selection should consider both the individual patients' gastrointestinal and cardiovascular risks. defense and repair is prosta glandin dependent, the stomach and duodenum are rendered vulnerable in the face of continuous acid pro duc tion. Th is pathophysiology provides the scientifi c rationale for gastroprotection options to include supplemen tation with synthetic prostaglandin analogs, agents that induce gastric acid suppression, or the selective use of those NSAIDs least likely to inhibit upper GI prostaglandin synthesis, such as COX-2 selective inhibitors [4] .
A prostaglandin analog not further discussed in this supplement, full-dose misoprostol 800 μg/day has been demonstrated superior to 400 μg/day for the prevention of endoscopic gastric ulcers (relative risk (RR) = 0.17, and RR = 0.39 respectively; P = 0.0055). A dose-response relationship was not seen with duodenal ulcers. Misoprostol caused diarrhea at all doses, although signifi cantly more at 800 μg/day than at 400 μg/day (P = 0.0012). Misoprostol has also been shown to reduce clinically serious adverse outcomes in a larger outcome study [5] . Th e frequency of side eff ects severe enough to cause discontinuation of therapy, however, is such that the utility of misoprostol as a gastroprotective agent is limited. Current use of misoprostol remains in lower doses in a single-tablet combination product with diclofenac.
Treatment of NSAID-associated ulcers
Understanding the evolution in research that provided the basis of PPI therapy for NSAID users began with comparative studies with the well-established, but less potent, acid-suppressive agents that predated PPI use. Intragastric acidity has been shown to be a key predictor of injury to the acid-exposed foregut. Unlike H2RAs, which block a single stimulant of parietal cell acid production, PPIs inhibit the parietal cell proton pump, thus exerting a suppressive eff ect on gastric acid that is more potent, longer lasting and free of tachyphylaxis [6] .
H2RAs heal almost all NSAID ulcers when the patient stops NSAID use. Th e rate of ulcer healing with H2RA therapy decreases signifi cantly, however, if the patient cannot discontinue NSAIDs. Among 190 NSAID-using patients with endoscopically confi rmed ulcers, the H2RA ranitidine 150 mg was given twice daily, and patients were randomized to continue or discontinue NSAID ingestion. Gastric ulcers healed signifi cantly more frequently in those patients who had discontinued NSAIDs (95% vs. 63%, P = 0.001). Duodenal ulcers also healed in signifi cantly more patients who discontinued NSAIDs (100% vs. 84%, P = 0.006) [7] .
PPIs have been shown more eff ective than H2RAs for healing ulcers in patients who continue NSAIDs. In a double-blind study of 541 patients with confi rmed ulcers and continued NSAID use, patients were randomized to receive omeprazole 20 mg or 40 mg daily or ranitidine 150 mg twice daily [8] . After 8 weeks, the healing rates for all types of endoscopic damage were higher in those treated with omeprazole as compared with ranitidine. Th e gastric-ulcer healing rates were signifi cantly higher with 20 mg omeprazole and 40 mg omeprazole versus ranitidine (84% vs. 87% vs. 64%, respectively; P <0.001 for both doses of omeprazole vs. ranitidine). Th e duodenal ulcer healing rates were signifi cantly better with 20 mg omeprazole versus ranitidine (92% vs. 81%, respectively; P = 0.03), but for the comparison of 40 mg omeprazole with ranitidine (88% vs. 81%) the improvement failed to reach signifi cance (P = 0.17). Another trial of similar design compared lansoprazole 15 mg or 30 mg once daily with ranitidine 150 mg twice daily in the healing of NSAID-associated gastric ulcers among patients who continued taking their NSAIDs. Patients receiving 15 mg and 30 mg lansoprazole had signifi cantly higher ulcer healing rates than patients on ranitidine (73% vs. 75% vs. 57%, respectively; P <0.05 for comparison of both doses of lansoprazole vs. ranitidine) [9] .
PPIs also appear to be more eff ective than misoprostol at healing ulcers when patients continue NSAIDs. A trial compared misoprostol 200 μg four times daily with omeprazole 20 mg or 40 mg once daily. After 8 weeks of treatment, healing of gastric ulcers occurred signifi cantly more frequently among patients treated with 20 mg omeprazole compared with those on misoprostol (87% vs. 73%, respectively; P = 0.004). Th e healing rate for omepra zole 40 mg was better than that for misoprostol (80% vs. 73%, respectively), although this diff erence did not attain statistical signifi cance in the study (P = 0.14). Th e rates of healing of duodenal ulcers were also significantly higher in the groups given omeprazole 20 mg or 40 mg as compared with misoprostol (93% vs. 89% vs. 77%, respectively; P <0.001 for comparison of both doses of omeprazole vs. misoprostol) [10] .
Prevention of NSAID injury with proton pump inhibitors
Given the encouraging data regarding the value of acid suppression with PPIs for NSAID ulcer healing, investigators next turned to the question of whether a PPI given along with an NSAID could prevent the well-characterized injury that can be quantitated by endoscopy. Many studies were performed whereby NSAID users without endoscopic injury at baseline were studied with and without concomitant PPI co-therapy, and have been summarized systematically.
Th e current Cochrane review (search date May 2009) [5] updated prior systematic reviews [11] . Six randomized controlled trials (RCTs) with 1,259 participants assessed the eff ect of PPIs on the prevention of NSAID-induced upper GI injury. PPIs signifi cantly reduced the risk of both endoscopic duodenal ulcers (RR = 0.20; 95% confidence interval (CI) = 0.10 to 0.39) and gastric ulcers (RR = 0.39; 95% CI = 0.31 to 0.50) compared with placebo. Th e results were similar for both primary and secondary prophylaxis trials. Dyspeptic symptoms were signifi cantly reduced by PPIs in all four trials that used this as an endpoint [5] .
Few comparative studies exist, but the evidence suggests that misoprostol and PPIs are superior to ranitidine and that, in two trials for secondary prophylaxis, PPIs are superior to misoprostol for prevention of duodenal ulcer (RR = 0.29, 95% CI = 0.15 to 0.56) but not gastric ulcer [5] . As discussed elsewhere in this supplement, endoscopy as a surrogate has been a controversial endpoint for clinical outcomes. However, such studies do provide insights that have proven relevant to clinical outcomes. An example is our study of esomeprazole 20 mg and 40 mg for treatment of NSAID-induced dyspepsia as well ulcer prevention among H. pylori-negative patients at increased risk of developing ulcers (age >60 or recent gastric or duodenal ulcer) [12] . In that study we demonstrated for the fi rst time that PPIs provided ulcer risk reduction not only for nonselective NSAID exposure, but also for patients taking COX-2 selective agents as well.
In summary, PPIs are eff ective in reducing endoscopic ulceration and dyspepsia symptoms. Th ere is good evidence that PPIs are more eff ective than standard doses of H2RAs, and that PPIs are as eff ective as, but better tolerated than, misoprostol in preventing ulcers. As noted by the recent Cochrane review, there are limited data -three RCTs with 298 participants -that did assess the effi cacy of double-dose H2RAs for the prevention of NSAID-induced upper GI toxicity. Double-dose H2RAs, when compared with placebo, were associated with a statis tically signifi cant reduction in the risk of both duodenal ulcers (RR = 0.26; 95% CI = 0.11 to 0.65) and gastric ulcers (RR = 0.44; 95% CI = 0.26 to 0.74). Th is 56% relative risk reduction in gastric ulcer corresponds to a 12% absolute risk diff erence (from 23.1% to 11.3%) [5] . However, there are no direct comparisons of double-dose H2RAs with PPIs for NSAID risk reduction. While comparisons of risk reduction across trials of diff erent patient populations are problematic, PPIs do appear to be more eff ective when comparing the endoscopic endpoint trials.
Cycylooxygenase-2 NSAIDs versus conventional NSAIDs plus proton pump inhibitors
Two RCTs have addressed this question and support the similarity of each of these risk-reducing approaches. In the fi rst trial, among 287 H. pylori-negative patients whose bleeding peptic ulcers had healed, recurrent bleed ing over 6 months of observation occurred in 4.9% (95% CI = 3.1 to 6.7) of those randomized to celecoxib 200 mg twice daily plus placebo, and occurred in 6.4% (95% CI = 4.3 to 8.4) for diclofenac 75 mg daily plus omeprazole 20 mg daily (P = NS) [13] . In the second trial, with a similar population over the same period, recurrent ulcer complications occurred in 3.7% (95% CI = 0.0 to 7.3) of those given celecoxib 200 mg daily, compared with 6.3% (95% CI = 1.6 to 11.1) of those given naproxen 750 mg daily plus lansoprazole 30 mg daily (celecoxib statistically noninferior to lansoprazole co-therapy) [14] .
A number of observational studies have provided support for the value of PPI gastroprotection as an alternative approach to the use of a COX-2 specifi c inhibitor. In a multicenter study of hospitalized patients in Spain, PPI co-therapy was associated with a marked relative risk reduction (RR = 0.33, 95% CI = 0.27 to 0.39) in ulcer bleeding [15] . In a large Tennessee Medicaid database, investigators found similar results. Concurrent users of NSAIDs and PPIs had a 54% (27 to 72%) risk reduction, very similar to the 50% (27 to 66%) reduction for concurrent users of PPIs and COX-2 selective inhibitors [16] .
COX-2 selective inhibitors alone may not provide suffi cient ulcer risk reduction for very high GI risk patients. Th is was recently established by Chan and colleagues, who studied individuals at highest risk of a GI complication: those with previous GI bleeding. Th ey reported that the twice-daily addition of a PPI to twicedaily celecoxib lowered the 13-month recurrence of ulcer bleeding to 0% in the combined treatment group compared with 8.9% for celecoxib alone (95% CI for the diff erence = 4.1 to 13.7) [17] .
While a number of studies have provided observational data to support these small RCTs, a recent case-control study from Canada has provided compelling real-world evidence. Targownik and colleagues observed that any of the gastroprotective strategies -nonselective NSAID + PPI, nonselective NSAID + misoprostol, COX-2 selective NSAID alone and COX-2 selective NSAID + PPI -were all associated with a signifi cantly reduced risk of developing an upper GI complication [18] . COX-2 selective agents were no more likely to reduce risk than PPI cotherapy, and the combination of a COX-2 selective NSAID with a PPI was associated with the greatest risk reduction.
In summary, the risks of further ulcer complications with conventional NSAIDs plus PPI co-therapy and COX-2 NSAIDs are comparable for high-risk patients. Th e combination of COX-2 NSAID and PPI co-therapy can further reduce this risk.
Helicobacter pylori eradication
Much debate has centered on the impact of H. pylori regarding ulcer risk in NSAID users, and the weight of the evidence supports the conclusion that it is an independent ulcer risk factor [19] . In a comparative study of H. pylori eradication and PPI co-therapy for patients with a recent history of upper GI bleeding healed by PPI, both treatments were equally eff ective in preventing rebleeding among patients taking low-dose aspirin, but PPI was superior to H. pylori eradication for those taking NSAIDs [20] .
In summary, while there is limited evidence that H. pylori eradication alone may reduce ulceration in NSAID users, and while the European Helicobacter Pylori Group has recommended that H. pylori eradication be at least considered in patients in whom long-term NSAID treatment is contemplated [21] , this recommendation has not been enthusiastically taken up in practice. H. pylori infection remains a risk factor for ulcer complications, and H. pylori eradication should be employed as an additional precaution for patients using NSAIDs with a history of ulcer disease.
Practical considerations
While the underutilization of gastroprotective strategies for patients at risk for NSAID complications is well recognized as a failure of physician behavior, patient adherence to medication is an equally important barrier to the success of any risk-reducing strategy. Since a less toxic NSAID provides so-called intrinsic protection, cotherapy requires the additional PPI tablet to be taken along with the anti-infl ammatory medication. Several database studies have suggested that 80% adherence to co-prescribed PPIs is required for the ulcer risk reduction benefi t to occur [22] . Studies document that non adherence was associated with a fourfold increased risk of upper GI complications in high-risk patients, with the risk increasing by 16% for every 10% reduction in nonaderence [23] . Th e fi xed-dose combination of a PPI with naproxen, recently introduced, represents one approach to this problem.
Current treatment guidelines state that NSAIDs should be used at the lowest eff ective dose and that their longterm use should be avoided if possible [24] [25] [26] [27] [28] [29] . For patients at GI risk, guidelines from the American College of Gastroenterology, the European League Against Rheumatism, and the First International Working Party on Gastrointestinal and Cardiovascular Eff ects of NSAIDs and Anti-Platelet Drugs recommend the use of a nonselective NSAID plus a gastroprotective agent (PPI or misoprostol) or a COX-2 selective inhibitor. Th e American College of Gastro enterology and the First International Working Party on Gastrointestinal and Cardiovascular Eff ects of NSAIDs and Anti-Platelet Drugs recommend that a PPI or misoprostol be used with a COX-2 inhibitor in those patients at high risk of GI events, and the recent National Institute for Health and Clinical Excellence guidelines recommend that a PPI should be used with all NSAIDs, including COX-2 inhibitors [29] . Th e 2008 American College of Cardiology Foundation/American College of Gastroenterology/ American Heart Association expert consensus document on reducing the risks of antiplatelet therapy and NSAID use states that PPIs are the preferred gastroprotective agent for the treatment and prevention of GI toxicity associated with NSAIDs and aspirin [25] .
For patients with a prior GI event and a high cardiovascular risk, several guidelines recommend that nonselec tive NSAIDs and COX-2 inhibitors are not appropriate and that other forms of treatment need to be considered. Th e guidelines from the First International Working Party on Gastrointestinal and Cardiovascular Eff ects of NSAIDs and Anti-Platelet Drugs, however, also propose that naproxen with a PPI or misoprostol may be considered for some of these patients, targeting those whose cardiovascular risk outweighs their GI risk.
To synthesize current treatment approaches, we have developed a 2×2 table (Table 1) to guide appropriate selection of an NSAID driven by assessment of an individual's cardiovascular and GI risk [30, 31] . Th e following illustrates how this can gui de NSAID selection based on GI and cardiovascular risk factors, together with assessments for effi cacy and/or drug intolerance. Inherent to the table is the appropriate use of aspirinclearly of benefi t for secondary prevention of cardiovascular events. For primary prevention, we advocate the use of a risk calculation and restriction of aspirin to those who meet 10-year risk high enough to justify therapy, based on national guidelines.
Patients with no cardiovascular risk (not receiving aspirin) and low gastrointestinal risk
A reasonable option for initial therapy would be a nonselective NSAID. Th e use of a more expensive but safer COX-2 inhibitor is not advocated due only to the issue of increased cost.
Patients with no cardiovascular risk (not receiving aspirin) and with moderate to high gastrointestinal risk
For patients with moderate GI risk, therapy might begin with a COX-2 selective NSAID, where the evidence for its benefi t is strongest. Th e combination of a nonselective NSAID with a PPI appears to provide similar GI benefi ts. For patients with a history of GI bleeding, the addition of a PPI is an evidence-based recommendation.
Patients with no gastrointestinal risk and with cardiovascular risk (receiving aspirin)
For patients with cardiovascular risk but low GI risk, naproxen may off er advantages not present in other NSAIDs. If the patient is intolerant or fi nds naproxen ineff ective, selection of an NSAID that does not interact with aspirin is essential. Ibuprofen is thus contraindicated. Choices include low-dose celecoxib, which has not been implicated as carrying cardiovascular concerns at high or multiple daily doses. Diclofenac may also be considered. Concomitant treatment with a PPI, as appropriate, should be strongly considered in patients taking any NSAID and aspirin, since the risk of ulcer bleeding in patients taking multiple agents is increased.
The patient with both increased gastrointestinal and cardiovascular risks (on aspirin)
Low-dose celecoxib together with a PPI should be used for patients who have both GI and cardiovascular risks but in whom the GI risk, such as a recent ulcer bleed, is of greater relevance. If the cardiovascular risk is of greater concern, naproxen + PPI is favored [31] .
Key messages
• PPIs provide potent and long-lasting inhibition of gastric acid secretion. [30] . a Nonselective NSAID without established aspirin interaction or (low-dose) cyclooxygenase (COX)-2 selective NSAID if naproxen is ineff ective.
